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Section A 
Short Answer Questions 
Total No of Marks for this section:  10 marks 
This section should be answered in the Answer Booklet provided. 
 
Question 1. 
In a short paragraph explain the following concepts. 
• Vapour pressure 
• Fugacity 
• Activity 
(Total Marks: 10) 
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Section B 
Numerical Answer Questions 
Total No of Marks for this section:  90 marks 
This section should be answered in the Answer Booklet provided. 
Question 2. 
Prove: An equilibrium liquid/vapour system described by ideal Raoult’s law cannot exhibit an 
azeotrope. 
 (Total Marks: 10) 
Question 3. 
A reversible compression of 1 mol of an ideal gas in a piston/cylinder device results in a 
pressure increase from 1 bar to P2 and a temperature change from 400 K to 1000K If the gas 
follows a compression path given by 𝑃𝑃𝑉𝑉1.55 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 and the molar heat capacity of the gas is 
given by 𝐶𝐶𝐶𝐶 𝑅𝑅� = 3.85 + 0.57 × 10−3𝑇𝑇 (𝑇𝑇 𝑖𝑖𝑐𝑐 𝑖𝑖𝑐𝑐 𝐾𝐾) 
Determine the heat transfer during the process and the final pressure, P2. 
(Total Marks: 20) 
Question 4. 
Ethylene gas and steam at 400 °C and 1 atm are feed to a reaction process as an equimolar 
mixture. The process produces ethanol by reaction  
𝐶𝐶2𝐻𝐻4(𝑔𝑔) + 𝐻𝐻2𝑂𝑂(𝑔𝑔) → 𝐶𝐶2𝐻𝐻5𝑂𝑂𝐻𝐻(𝑙𝑙) 
The liquid ethanol exits the process at 25°C.  
• What is the heat transfer associated with this overall process per mole of ethanol 
produced? 
• If the cold water at 0 °C is circulated on the jacket of the reactor to cool down the 
reaction what is the amount of cooling water required per mole of ethanol produced? The 
cooling water leaves the reactor as saturated vapour at 100 °C.  
(Total Marks: 30) 
Question 5. 
Consider a refrigeration cycle that uses R-134a as a working fluid. The temperature of the 
refrigerant in the evaporator is -25 °C and in the condenser it is 45 °C. The refrigerant is 
circulated at the rate of 0.03kg/s.  
Determine the effect of the coefficient of performance (β). Assume that the compressor works at 
90% efficiency. 
In the grid paper provided draw the refrigeration cycle and its representation on the 
corresponding thermodynamic diagram. 
(Total Marks: 30) 
